The field trial was conducted at the Teaching and Research Farm, Abia State University, Umuahia Campus, Umudike to study the performance of three highly improved soybean varieties ('TGX 1835-10E', 'TGX 1987-62F' and 'TGX 1448 to different weeding regimes (weed free, inweeded, weeded once, weeded twice and weeded three times) and to estimate character association and contribution toward seed yield per hectare. The experiment was a factorial combination of variety and weeding regimes in randomized complete block design with three replications. Vegetative data which included plant height, number of branches and number of leaves were taken at 10 weeks after planting (WAP) while at harvest, the following yield data: pod length, pod width, number of pods per plant, number of seeds per plant, pod weight per plant, 100 seed weight and seed yield per hectare were taken. The only phenological trait taken was number of days to 50% flowering. The competing weeds were also identified, sampled, counted, dried, weighed and recorded at 9 WAP and at harvest. Data were analyzed using the procedure outlined for ANOVA and means separated by LSD (P=0.05). Correlation and Path coefficients analyses were also carried out. The results showed a highly significant difference (P<0.01) among the varieties in all the traits studied. 'TGX 1835-10E' variety gave the highest seed yield/ha while weed regimes like weed free, weeded twice and three times showed non-significantly the best performance in all aspect. The results also showed that plots left inweeded and weeded once inevitably had the highest yield reduction in all the varieties. Plant height, number of branches, number of leaves at 10 WAP, number of seeds and pod weight per plant, 100 seed weight as well as soybean dry weight at 9 WAP showed high positive magnitude and significant (P<0.01) correlations with seed yield per hectare. The highest positive direct effect on yield was recorded in plant height at 10 WAP.
Introduction
Soybean is an annual leguminous crop which belongs to the family Fabaceae, subfamily Faboideae, genus Glycine and subgenus Soja (Asiegbu and Okpara, 2002; Singh et al., 2003) . Although it did not originate in Nigeria, it has however, become popular in the country perhaps because of its numerous potentials that rank it even better than cowpea. It supplies high quality protein (over 40%) for man and livestock consumption as well as oil (about 20%) on a dry matter basis which is 85% unsaturated and cholesterol-free (Dugje et al., 2009 ). These traits have earned it the title "The miracle Bean" (IITA, 1990; Anyim, 2002) . Onochie (1965) and Iwe (2003) found protein content of this crop to have better balance of amino acids when compared to any other crop protein source.
Due to its rapidly rising popularity in Nigeria, annual production rose from about 73,000 to 146,000 metric tons (Wudiri, 1990; Odeleye et al., 2007 Odeleye et al., ) from 1979 Odeleye et al., -1989 , and has since then risen to about 510,000 metric tons in 2012 (USDA Foreign Agricultural Service, 2016) . However, the projected 1.6 million metric tons needed per annum to meet both industrial and domestic demands (Mamman, 1990 ) are yet unrealizable. This could therefore be a result of a great competition by weeds coupled with other latent and pronounced factors. The performance of any crop, no doubt is linked to its gene make up and environmental variation (Gatti et al., 2005) . Consequently, in order to obtain the required increase in soybean production, both biotic and abiotic agents must be considered strongly. Soil moisture, temperature, planting depth and other non-living factors should be optimum. Similarly, pathogens, diseases, and pests which may include weeds should be adequately controlled for soybean optimum yield (IITA, 1990; Akande et al., 2007) .
Correlation among soybean and weed traits with yield is necessary in indirect selection of treatment combinations for the best possible yield in soybeans (Machikowa and Laosuwan, 2011) . Significant and positive correlation between two traits shows that simultaneous improvement in those traits is possible and selection for one will imply selection and improvement of the other (Fayeun et al., 2012) . However, choice of selection based only on correlation may give a deceptive output as it exclusively measured the degree of mutual association between two traits without respect to cause and effect analysis. This is because there is the risk of excluding some vital traits whose contributions through other traits might not be easily valued (Ene et al., 2016) .
Weed problems are generally greater in the tropics than in the temperate zone owing to higher densities and more vigorous growth of varying weed species in the tropics (Odeleye et al., 2007) . The average recorded yield losses of cowpeas and soybeans in Nigeria and India due to weed competition were about 50% (Moody and Whitney, 1974; Akobundu and Poku, 1987) , whereas in the United States the average yield losses of soybeans were about 17% (Vega et al., 1970) . Ayeni et al. (1992) reported a lengthy number of days to soybean flower appearance as a result of weed competition with the crop. Also, but negatively affected attributes in soybeans by uncontrolled weed are stem height and number of leaves per plant which however, are not significant 2 WAP (Hagood et al., 1980) . Hand weeding has remained the most widely practiced cultural weed control technique in the tropics perhaps because of the prohibitive cost of herbicides, fear of toxic residues and lack of knowledge about their use. It is unethical to cultivate soybean without weeding operation carried out from the time of sowing to harvest, or engage in daily weeding. Some farmers weed twice before crop maturity, considering the cost of labour, others, three times, all to ensure optimum yield. However, the frequency and sequence of such weeding are usually at the farmer's discretion and may not be economical (Iremiren, 1988) .
The objective of the study, therefore, was to evaluate the performance of three improved varieties of soybean cultivated under different weeding regimes to know which treatment and treatment combination that would suppress weed in this agro ecology as well as estimate soybean and weed traits association and contribution towards total seed yield/ha.
Materials and methods
The experiment was carried out in the Department of Crop Production and Protection Teaching and Research farm, Faculty of Agriculture, Abia State University, Umuahia Campus, Umudike. Umudike is located on latitude 5°29 ' N, and longitude 7°33 ' E with an elevation of 122 m above sea level, characterized by high annual rainfall distribution with over 2,000 mm most of which fall between April and October, soil texture in the plot is sandy loam with pH 5.5, a mean annual temperature 30 o C and relative humidity that ranges from 65% to 80% (Anyim, 2002) . Three varieties of soybean seeds obtained from International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria were used in this study. The varieties included: 'TGX 1835-10E', 'TGX 1987-62F' and 'TGX 1448-2E' with their features (Table 1) . The experiment lasted between July and November. Land preparation was done by working the existing vegetation mechanically into the soil using a tractor implement plough followed by two times harrowing to achieve a good soil tilth. The experiment was a factorial combination of variety and weeding regimes in a randomized complete block design (RCBD) with three replications. The experimental area measured 26 m x 14 m containing three blocks of 8 m x 14 m. Each block contained 15 plots (2 m x 2 m) with 1 m alley. Poultry droppings at the rate of 8 metric tons per hectare were worked into the soil within each block. The fifteen treatment combinations were randomly allotted to the plots within each block using the table of random numbers. Seeds were planted at the spacing of 50 cm inter and 10 cm intra rows. Two soybean seeds were sown at the depth of 3 -5 cm and were thinned down to a seedling 3 weeks after emergence (WAE). NPK fertilizer in the ratio of 15:15:15 was applied at 3 and 6 WAE at the rate of 250 kg/ha. Insecticide (Cypermethrin 110% EC sprayed at the rate of 125 ml in 15 litres of water) and fungicide (Maneb Mancozeb and zoxamide at the rate of 75 ml in 15 litres of water) were applied twice (2 and 4 WAE) to curtail insect attack and disease incidence on young plants. Wormforce® (carbofuran) , an insecticide/nematicide was also applied at 3 WAE by scooping a bit soil near each soybean stand and placing about 4 -6 pellets. Schum and Thonn, Phyllanthus amarus and sedges weed were Cyperus haspan and Kyllinga spp. The weeding regimes were as follows: Weed Free (WF), which were plots weeded on a daily basis throughout the field operation from soybean seed emergence to harvest. Inweeded (IW), were unattended to throughout the experiment duration in the field. Weeded once (W1x), were weeded only at 3 WAP. Weeded twice (W2x), were the plots weeded at both 3 WAP and 6 WAP and finally Weeded three times (W3x), were weeded at 3 WAP, 6 WAP and 9 WAP. However, prior to the weeding operations carried out at 6 and 9 WAP, weeds were collected and counted from each of the plots in order to determine the dry weight of the weeds. Weeds were taken from two quadrants which measured 50 cm x 50 cm along a diagonal transect in each plot. They were clipped at ground level and bulked for each plot to form a sample which was oven dried at 80 o C for 48 hours. The dried parts were weighed using mettler balance 1210. The weed dry weight (WDW) was calculated and recorded as well as the number of weeds. This was also repeated at harvest. At 9 WAP the soybean samples were separated into leaves, stem and roots and oven dried at 80 o C for 48 hours. The dried parts were weighed using mettler balance 1210 and the soybean dry weight (SDW) calculated also. After the application of the weeding treatments, five samples of soybean plants were selected from each plot at 10 WAP and data were taken on the following traits: plant height (cm), number of branches and number of leaves per plant. At harvest, data were also taken on pod length (cm), pod width (cm), number of pods per plant, number of seeds per plant, pod weight per plant (g), 100 seed weight (g) and seed yield per hectare (t/ha). The only phenological trait taken was number of days to 50% flowering.
Statistical analysis
Collected data, both soybean and weed, were subjected to ANOVA for RCBD using GenStat Release 10.3 Discovery Edition (PC/Windows; VSN International, Hemel Hempstead, Hertfordshire, UK). Pearson correlation coefficient analysis was done using the computer statistical software package, SPSS version 16. The sets of correlation coefficients were subjected to path coefficient analysis and the direct and indirect effects were estimated according to the method of Dewey and Lu (1959) to show the relationships between traits and contribution towards seed yield/ha.
Results and discussion
The result of the meteorological data (Table 2) showed that the highest rainfall (mm) was recorded in September while November had the least within the soybean growing period. However, the table showed an uneven distribution of rainfall within the period. Temperature (°C) and relative humidity (%) showed relatively uniform distribution during the growing seasons. 
Effect of variety on vegetative, yield and weed traits under different weeding regimes
The performance of soybean varieties under varying weeding regimes with respect to some agronomic as well as weed traits is presented in Tables 3 and 4 . The result showed a highly significant (P<0.01) variation among the varieties for all the traits studied except for plant height that was non-significant, and number of leaves together with soybean dry weight that were marginally significant (P<0.05). In this understanding, the number of branches, number of days to 50% flowering, pod length and width, number of pods, number of seeds, pod weight, 100 seed weight, soybean dry weight, number of weeds, weed dry weight and seed yield were significantly different at 1% level of significance. Likewise, the number of leaves and soybean dry weights were significant (P<0.05). The significant differences found among the three soybean varieties under varying weeding regimes for all the traits analyzed showed that the varieties responded differently to the weeding regimes. This differential performance of the varieties can be attributed to the inherent genotypic variation (Aduloju et al., 2009; Mudibu et al., 2011) among them as well as their specific responses to environmental factor like soil nutrients as witnessed in cowpea and soybean (Sanginga et al., 2000; Osodeke, 2001 ). However, plant height was highly non-significant. This implied that all the varieties responded equally in height under the various weeding regimes. This is in agreement with the work done by Odeleye et al. (2007) where the two soybean used did not vary in stem height under varying weeding regimes. 'TGX 1835-10E' showed better performance in all the traits including seed yield/ha except in number of days to 50% flowering and number of weeds at 6 WAP where 'TGX 1987-62F' took the lead. From an earlier soybean evaluation study in this agro ecology, Okpara and Ibiam (2000) identified and recommended 'TGX 1835-10E' to be more adaptable and high yielding and hoped it maintained its performance anywhere in the world with similar agro ecological attribute. 
Effect of weeding regimes on vegetative, yield and weed traits of soybean
The results of this study (Tables 5 and 6 ) showed highly significant difference (P<0.01) in all the agronomic traits of soybean plants as well as the weed traits subjected to different weeding regimes. Similarly, weed free plot, plot weeded twice and three times showed better performance and were statistically the same in most of the soybean traits as well as the weed traits studied. However, these varied significantly when compared to plots weeded once and inweeded plots. This suggests that with prudent management of weeds, cost of production would be reduced. Since, it is unethical and uneconomical to carry out weeding operation on a daily basis and, also, plots weeded twice and three times showed similarity in performance, hence, the adoption of two weeding regimes for soybean production at 3 and 6 WAP for cost efficiency would be more appropriate. This falls in line with the findings of Odeyele et al. (2007) which also suggested similar weeding regimes, though, at 2 and 6 WAP. The plots with better weed control also resulted into higher fruit yield. The plots weeded once and inweeded plots showed non-significant differences in all traits studied except number of weed and weed dry weight at 6 WAP. This suggests that a single weeding operation at 3 WAP as well as leaving the field unattended to from the time of sowing to harvest is useless, as they both produced similar poor results. This disagrees with the report of Iyagba et al. (2012) in Okra which revealed that weeding operation carried out only at 3 weeks after sowing (WAS) is better for the growth and yield of okra in South-Eastern Nigeria. This probably could be because of the variation in vegetative growth and duration between the two crops. The shortest soybean plants, least number of branches and leaves, number of pods, seeds and pod weight per plant, soybean dry weight and seed yield per hectare were produced from the inweeded soybean plots which showed similarity to the plots weeded only at 3 WAP. This is in line with the findings of Iyagba et al. (2013) where the shortest plants, smallest leaf size and number of flowers were produced from the inweeded okra plots. It is a known fact that weed competition with crops more than necessary has always led to yield reduction in crops. All the weed traits including: number of weeds and weed dry weight at 6, 9 WAP and at harvest showed zero values in the plots with weed free conditions. This suggests that, though seemingly impossible and unnecessary, engaging a crop farm on a daily weeding operation shall mean total absence of weed in such farm. The highest number of weeds and weed dry weight at 6 and 9 WAP were shown in the inweeded plots while the highest number of weeds and weed dry weight at harvest were shared between the plots weeded at 3 WAP and inweeded plots, respectively, which adversely affected yield. This is probably because it has been observed that higher weed competition brings about intense competition for light which lowers the photosynthetic strength as well as number of stomata of the crop and hence, the yield (Fabro and Rhodes, 1980; Iyagba et al., 2013) . Weed free plots significantly (P<0.05) produced the highest seed yield/ha which was similar to the plots weeded twice and three times statistically. This is possibly because nutrients were readily obtainable by the crop during the vegetative periods with little or no weed competition at these weeding regimes. This further suggests that the weeding regimes perhaps could have concurred with the time when nutrients needed for metabolic processes are made readily available and utilizable to manufacture photosynthates (Dada and Fayinminnu, 2010; Iyagba et al., 2012) . This therefore showed that adequate absorption and use of nutrients for soybean vegetative growth and yield is a function of the timing of weed competition, control and type of soybean variety. 
Variety and weeding regimes interaction effect on vegetative, yield and weed traits
The interactions between variety and weeding regimes were highly significantly (P<0.01) different for all traits except plant height, number of leaves, number of days to 50% flowering, pod length and width, number of pods, soybean dry weight and seed yield/ha (tables 7 and 8). This indicates that the three soybean varieties responded similarly as well as differently to the weeding regimes in traits that showed non-significant and significant variation, respectively. However, Odeyele et al. (2007) found the interactions between variety and weeding regimes not significantly different for all parameters studied. Although non-significant, plant height at 10 WAP varied from 28.11 cm for 'TGX 1987-62F x Weeded once' to 51.12 cm for 'TGX 1835-10E x Weed free'. This showed that the weeding regimes affected the varieties similarly but varied among themselves. However, it was observed that the interactions between varieties and plots weeded once and inweeded showed the least but similar values which differed from the higher but related values in plots weeded twice, three times and with weed free condition. Ayeni and Oyenka (1992) and Lamptey et al. (2015) , had earlier reported that the longer the period of weed infestation the stronger the suppressive influence on the stem height of soybean. This could be likened to the pressure caused by weeds and their competition for nutrients, photosynthetic light, space and water. This is because weeds have the strength to cause a depressive effect on soybean plant height relatively. The highest number of branches at 10 WAP was observed in 'TGX 1835-10E x Weeded twice' which showed significant (P<0.05) variation among other interactions except 'TGX 1835-10E x Weed free'. This could be because of the assumption that low weed density reduces the depressive and suppressive activity of weeds for nutrients on some vegetative traits of soybean like production of soybean with larger leaf area, higher proliferation of branches in number as reported by Harder et al. (2007) . However, but significantly, the least number of branches was recorded in 'TGX 1987-62F x Inweeded'. Plants on the inweeded plots recorded the minimum growth traits such as leaf area, number of branches etc., due to high weed density. Similar effect of weed-crop competition has also been reported by Dzomeku et al. (2009) . Leaf is a very important plant organ for photosynthesis. 'TGX 1835-10E x Weed free' gave the highest number of leaves at 10 WAP, followed by 'TGX 1835-10E x Weeded three times' and 'TGX 1835-10E x Weeded twice' while the least number of leaves occurred in 'TGX 1987-62F x Weeded once' followed by 'TGX 1448-2E x Inweeded' though statistically similar. The result corroborates with the findings of Labrada et al. (1994) who noted the likelihood of weeding to reduce the space available to weeds. Hence, an increase in the number of leaves in plots with weed free conditions, plots weeded twice and three times. On the other hand, the soybean plants of the inweeded plots and weeded once had the least number of leaves which might be likened to the competition posed by weeds in terms of nutrients and other growth factors. This agrees with the findings of Halford et al. (2001) who reported the depressive activity of weeds on soybean vegetative traits such as the number of leaves. The least number of days to 50% flowering was observed in 'TGX 1987-62F x Weed free' joined by 'TGX 1835-10E x Weed free' which were statistically the same with the recorded highest value in 'TGX 1987-62F x Inweeded'. Early flowering could be said to be caused by less weed competition for nutrients which leads to early vegetative growth and development. The highest number of days to 50% flowering was recorded in the inweeded plots irrespective of the variety interaction. This is in line with the study carried out by Tijani and Akinnifesi (1998) and Odeleye et al. (2007) that flowering of soybean usually stayed longer significantly on fields with high weed density as a result of high weed competition with the growth and development of soybean. Pod length, pod width and number of pods per plant showed non-significant differences, however, 'TGX 1835-10E x Weed free', 'TGX 1835-10E x Weeded twice', and 'TGX 1835-10E x Weeded three times' maintained the highest, respectively. This could be as a result of regular and sufficient weeding practice which agreed with the findings of Dugje et al. (2009) who noted that weeding reduced the growth, development and competitive ability of weeds by that improving optimum pod formation and development. Lamptey et al. (2015) quoted that weeding of soybean field would make some nutrients such as phosphorus, nitrogen, potassium and other micro-nutrients readily available which of course would promote fast and prolific pod formation. The soybean plants on the inweeded plots and plots weeded once recorded the least number of pods, lesser pod length and width as a result of high competition by weeds for nutrients stated above as well as light, space, moisture and other growth factors over the soybean plants, which lead to less pod formation, development and number. This is consistent also with the study carried out by Lavabre (1991) . 'TGX 1835-10E x Weed free' significantly produced the highest number of seeds per plant, while the same was applicable to 'TGX 1835-10E x Weeded three times' in pod weight per plant though non-significant with 'TGX 1835-10E x Weed free'. Significantly, 'TGX 1448-2E x Weed free' had the least 100 seed weight, followed by 'TGX 1835-10E x Weed free', which is similar statistically to 'TGX 1835-10E x Weeded twice'. The results obtained were not in support of the study conducted by Hagood et al. (1980) and Halford et al. (2001) , who reported of decreased 100 seed weight on plots with high weed density. Plots with low weed density as seen in plots weeded twice, three times and plots with weed free conditions produced the lowest weight for 100 seeds. This could be ascribed to the fact that though weed competition was insignificant, the upper leaves of soybean plants in these plots could have covered the lower and basal leaves, which reduced the amount of photosynthates produced for the food sink (Mudibu et al., 2011) . The highest soybean dry weight at 9 WAP was recorded in 'TGX 1987-62F x Weeded three times' which was statistically the same when compared to rest interactions. Number of weeds at 6, 9 WAP and harvest showed significant level of increase among the treatment interactions with all the variety x weed free interactions having zero values across the traits. However, 'TGX 1835-10E x Inweeded', 'TGX 1448-2E x Weeded once' and 'TGX 1987-62F x Weeded once' possessed the highest number of weeds at 6, 9 WAP and at harvest, respectively. This showed that a constant weeding operation would definitely result to little or no biomass of any weed species in a soybean field when compared to the inweeded plots. Hence, the highest number of weeds in plots inweeded or weeded once, irrespective of the varietal interaction. This is in agreement with Odeyele et al. (2007) that the inweeded plots had significantly the highest level of weed biomass when compared to weeded plots. Significantly (P<0.05), 'TGX 1987-62F x Inweeded' constantly maintained the highest values in weed dry weight at 6, 9 WAP and harvest. This showed a weak competitive ability of this particular variety with the weed species for nutrients, water and space when compared to the rest varieties exposed under the same weeding regime. 'TGX 1835-10E x Weed free' showed non-significantly (P>0.05) the highest soybean seed yield per hectare, followed by 'TGX 1835-10E x Weeded three times', and 'TGX 1835-10E x Weeded twice' with the least shared between 'TGX 1448-2E x Weeded once' and 'TGX 1987-62F x Inweeded'. Pedersen and Lauer (2004) stated that adequate and constant weeding operation to ensure weed free condition increased sufficient flower appearance in the soybean plant by the quality and length of light intensity required to produce high seed yield. Furthermore, the presence of sufficient soil macro and micro nutrients, water and other growth agents as a result of low weed competition as observed in plots with weed free condition, weeded twice and three times also contributed to the best possible yield of soybean. This supported the findings of Reddy (2002) . The soybean plants, irrespective of the variety, on the inweeded plots and plots weeded just once produced the least grain yield due to high density, growth and infestation by weeds on the crops. However, 'TGX 1835-10E' competed favorably with weeds based on yield and other traits when compared to the performance of the other varieties. This still supports the claim by Okpara and Ibiam (2000) that it is the preferred variety in terms of yield in this agro ecology. Nathanael et al. (2013) stated that weed is a major pest of soybean which is mostly neglected and capable of reducing yield by 5% depending on their density and soybean variety. 
Pearson correlation matrix on vegetative, yield and weed traits of soybean
The result of the correlation coefficient among some agronomic and weed traits of soybean varieties under varying weeding regimes is presented in Table 9 . Finding the relationship between growth traits and yield of a crop is vital in indirect selection of variety for yield increase (Machikowa and Laosuwan, 2011) . Significant and positive relationship between two traits shows that these traits can be improved simultaneously in a crop improvement programme. This is because it shows common relationship among traits and selection for one will result to selection and improvement of the other (Fayeun et al., 2012) . From the correlation matrix, plant height, number of branches, number of leaves at 10 WAP, number of seeds and pod weight per plant, 100 seed weight as well as soybean dry weight at 9 WAP showed high positive magnitude and significant (P<0.01) correlations with seed yield per hectare. This implies that in a selection process, the choice of such traits would result to higher soybean seed yield per hectare, but in the case of plant height, this did not agree with Antalikova et al. (2008) which described negative correlations between plant height and soybean grain yield. Furthermore, the positive correlation between 100 seed weight and seed yield per hectare recorded as well as the negative correlations between 100 seed weight and all the vegetative and yield traits measured agree with the findings of Mudibu et al. (2011) in their work on morphovariability and agronomic characteristics of soybean accessions. The negative correlation value estimated between number of leaves and 100 seed weight showed that the soybean varieties with a high number of leaves per plant produced the lowest weight for 100 seeds. This can be ascribed to the fact that upper leaves cover lower and basal leaves, which affect the amount of photosynthates that translocate to the sink (Mudibu et al., 2011) . Pearson correlation analysis among seed yield and its contributing weed traits showed that correlation of seed yield per hectare was found to be highly significant (P<0.01) and negative for number of weeds at 9 WAP and harvest as well as weed dry weight at both 9 WAP and harvest, though lower in magnitude when compared to the vegetative and yield traits. This showed that an increase in the weed dry matter and weed density which of course was found in most of the inweeded plots or plots weeded once implied a decrease in the seed yield of soybean in such plots. This is perhaps as a result of the intense competition for the available resources with the soybean crop in the plots. This is in agreement with the findings of Lamptey et al. (2015) that the longer the time of weed competition, the stronger the depressive influence on the yield of soybean and Odeleye et al. (2007) that the inweeded plots had significantly the highest level of weed biomass compared to weeded plots. 
Cause and effect analysis showing direct and indirect effects of vegetative, yield and weed traits on seed yield of soybean
Cause and effect analysis means partitioning of Pearson correlation coefficients into direct and indirect effects. Agrama (1996) had earlier described path analysis to also require causal relationships among the traits. The result is presented in table 10. Relying any selection choice on the coefficient of correlation only may give a deceptive idea as it tends to quantify the degree of relationship that exist between two traits which goes with no respect to causation. This is however, because, there is the danger of excluding some vital traits whose contributions through other traits might easily lose value. Hassan et al. (2013) suggested that it is relevant to quantify the mutual association between different plants traits and ascertain definitely the component traits, on which any selection process can be based for direct and indirect improvement of crop yield. From the present study, plant height at 10 WAP gave the highest positive direct effect on seed yield per hectare, followed by pod weight per plant while the highest negative direct effect was obtained from weed dry weight at harvest. It suggests therefore, that, this trait (plant height) appeared to be the most relevant trait that contributed immensely to the performance witnessed in soybean yield. Similar result had been reported by Robinson et al. (2009) . The following traits which included; Plant height, number of leaves at 10 WAP and pod weight per plant had positive direct effects on the seed yield per hectare. It shows that increase in yield may depend solely on direct selection of these traits irrespective of weed competition. However, the rest of the soybean traits studied including all the weed traits highly gave negative direct effects on the seed yield per hectare. It gives an indication that direct selection of these traits may not increase yield. Hence, in the case of the soybean traits, selection for these traits must be done indirectly via plant height. Uguru (1996) in vegetable cowpea and Nwofia et al. (2015) in cucumber suggested that it is an indication that the traits have appreciable value despite the negative direct effects recorded. The residual factors which determine the extent to which the casual factors have explained the performance in seed yield were a bit low and observed to be 0.108. This is an indication that 89% of the total performance in seed yield/ha had been sufficiently accounted for by the traits that were used in the path analysis in the investigation. Comparable residual factors had also been reported in cucumber (Nwofia et al., 2015) . 
Conclusions
Application of different weeding regimes had a significant effect on the traits including yield of soybean varieties studied. The result showed significant differences among the three soybean varieties under varying weeding regimes for all the traits analyzed which showed that the varieties responded differently to the weeding regimes except for plant height. This differential performance of the varieties can be attributed to the inherent genotypic variation. The results obtained also revealed that weed free plots, plots weeded twice and three times did not differ from among themselves, hence, weeding twice at 3 WAP and 6 WAP is recommended for soybean production in order to reduce labour and cost of soybean production. 'TGX 1835-10E x Weed free' showed non-significantly (P>0.05) the highest soybean seed yield per hectare, followed by 'TGX 1835-10E x Weeded three times', and 'TGX 1835-10E x Weeded twice' which showed that 'TGX 1835-10E' competed favorably with weeds based on yield and other traits when compared to the performance of the other varieties. Furthermore, 'TGX 1835-10E', considering its growth and yield performance as well as responses to weeding regimes should be recommended for the improvement and production of soybean in this or related agro ecology. Plant height, number of branches, number of leaves at 10 WAP, number of seeds and pod weight per plant, 100 seed weight as well as soybean dry weight at 9 WAP showed high positive magnitude and significant (P<0.01) correlations with seed yield per hectare. This implies that in a selection process, the choice of such traits would result to higher soybean seed yield per hectare. Path coefficients analysis revealed that plant height at 10 WAP having the highest positive direct effect on yield is of utmost importance in contributing to yield improvement in soybean and hence, should require major attention.
